(Received October 8, 1979) Technique of the heavy liquid method The second separation was made using a so-called heavy liquid. As the density of low quartz, low cristobalite and low tridymite is 2.648, 2.334 and 2.2658) at room temperature, respectively, it is expected that cristobalite particles or tridymite particles can be separated from the quartz particles using the heavy liquid of about 2.51 in density, which is prepared by mixing of thallium formate and distilled water. About 200 ml of the liquid mixture was prepared by checking its density with a glass peace of 2.51 in the standard specific gravity-glass set. By the heavy liquid several flakes of quartz glass and chalcedony considered as a sort of quartz9) were tried to separate from each other. The quartz glass flakes were refloated on the surface of liquid, while the chalcedony flakes settled on the bottom of a little beaker. This means that the cristobalite or tridymite particles can not be separated from the quartz glass particles by this liquid, but can be separated from the quartz or chalcedony particles . The phosphoric acid residue described above was mixed with the heavy liquid (about 28 ml) in a centrifugal glass tube of 50 ml by using a ultrasonic cleaner. The mixture was centrifuged at a speed of 1500 to 2000 rpm for 15 to 25 minutes.
By this procedure , the surface of the liquid was covered with the thick layer of grey material . The grey material was taken up with a pipet and poured into a little beaker, and then dilute with distilled water. The dilution was a milky suspension of the cristobalite or tridymite particles. These particles were collected by filtration, washed by distilled water, and dried at room temperature .
Thus, white powder samples could be separated.
Determination of separated free silica samples
Because the phosphoric acid residue does not contain the silicate particles but the free silica particles, phase contrast (E, Olympus, Tokyo, Japan) and polarizing microscope (AMPLIVAL pol. u, VEB Carl Zeiss, Jena) are used for the determination of silica particles. The range of the refractive index of the separated particles were estimated by the immersion method10) using a phase contrast microscope.11) The incident light beam was polarized by inserting a polarizing filter at a point between the mirror of microscope and the lamp aperture.12) The unclear colour due to the particle-retardation in the ordinary ray was made clear by the filter. Cristobalite was distinguished from tridymite by a immersion liquid of refractive index n of 1.48,13) which was a mixture of anise oil (n=1.55) and rapeseed oil (n=1.47). Distinction between isotropic and anisotropic substance was made by counting the number of interference colour-bearing particles with the polarizing microscope. The confirmation of the colour was made by using the front lens of the condenser system. The standard samples for counting were quartz and quartz glass particles under 200-mesh, and pulverized tridymite (in crystal) from Ohi, Sizuoka Prefecture.
Powder purity was checked14 by a X-ray diffractometer (Geigerflex 2037, Rigaku, Tokyo, Japan). The ordinary recording conditions were as follows. 
RESULTS AND DISCUSSION

Separation of the cristobalite particles
Cristobalite-bearing opal was crushed by hammer. After white pieces were removed by hand, the residue was further pulverized and screened through a 200-mesh brass sieve.
And then the 200-mesh particles of 4 g in total was treated with hot phosphoric acid.
Seven hundred milligrams of it was left as insoluble residue in the acid. The residue was mixed with the heavy liquid (28 to 30 ml), and was centrifuged till the X-ray peak of 101 reflection for low quartz disappeared in the back ground of the profile ( Table 2, and Fig. 2 ). Profile A in Fig. 2 suggested that the phosphoric acid residue contained both materials of quartz and cristobalite. Profile B in Fig. 2 suggested that the separated particles by the heavy liquid were free of quartz.
From the results shown in Fig. 4, profile B suggested in addition that the quartz glass contained by the separated particles was not more than 10% in weight. The whole procedure of separation was shown in Table 2 . The free silica particles of 227 mg less than 2.51 in density could be separated from the pieces of cristobalite-bearing opal.
A large amount of SiO2 (93% in weight) was found in the separated particles (No. 5
in Table 1 ). The refractive indices of these particles were found in the range of cristobalite (No. 1 in Table 3 ). The interference colour was recognized on 52% of these separated particles (No. 1 in Table 4 ). The interference colour was also determined for standard quartz glass and quartz particles and revealed on 2% and 99% respectively (No. 3 and No. 4 in Table 4 ). Quartz glass is isotropic and quartz is anisotropic. It is generally considered that cristobalite is pseudo-isotropic.15,16,17) Therefore, it was suggested that the separated particles showing the unclear interference colour are composed of cristobalite. From the measurement of refractive indices on these particles, a very small amount of quartz glass would be present (No. 1 and No. 3 in Table 3 ). The results of qualitative analysis obtained by X-ray diffractometry were shown in Table 5 in which the particles from cristobalite-bearing opal showed similar profile to that of a sort of low cristobalite.
From these results, it would be concluded that the particles from cristobalite-bearing opal are composed of a sort of low cristobalite.
Separation of the tridymite particles
Tridymite-bearing andesite (2.5 g) was pulverized and screened through a 200-mesh brass sieve. The 200-mesh particles were treated as described above. The procedure of separation was shown in Table 2 , too. The progress in the separation was shown in Fig. 3 . It was suggested that the separated particles were free of quartz. These free silica particles of 183 mg, which was less than 2.51 in density, was separated from the phosphoric acid residue of 300 mg. A large amount of SiO2 (94%) and a small amount of quartz glass (less than 10%)
were found out in the same ways mentioned above (No. 6 in Table 1 , profile B in Fig. 3 and Fig. 4 , No. 2 and No. 3 in Table 3 ). Refractive index of the SiO2 was found out in the range of tridymite (No. 2 in Table 3 ). The interference colour was recognized Objective ; NM-10X, n ; refractive index. 1) n of particle •ƒn of medium 2) n of particle •"n of medium Table 4 ). This percentage was nearly equal to that of tridymite from Ohi (No. 5 in Table 4 ). By the qualitative X-ray analysis, it was revealed that the separated particles showed similar profile to that of low tridymite (Table 5) . From these results, it would be concluded that the particles from the andesite were the particles of a sort of low tridymite.
Through this experimental study, it is found that hot phosphoric acid method combined with use of a heavy liquid is very effective to separate and collect cristobalite and tridymite particles from some mother rocks. The present method, however, is not suitable for the separation of quartz glass-bearing rocks or the rocks containing both of cristobalite and tridymite. The white opal pieces that were mentioned before, for example,
were not suitable to separate the cristobalite particles from them, because they contained tridymite in addition. Institute of Industrial Health, for helpful advices in this work. 
